Introduction {#section1-1076029618821189}
============

In sepsis and septic shock, activation of systemic coagulation often leads to disseminated intravascular coagulation (DIC).^[@bibr1-1076029618821189][@bibr2-1076029618821189]--[@bibr3-1076029618821189]^ In the intensive care unit (ICU), almost half of the patients with sepsis have complications from DIC, leading to significantly higher mortality compared to sepsis patients without DIC.^[@bibr3-1076029618821189],[@bibr4-1076029618821189]^ Furthermore, simultaneous activation of the systemic complement system^[@bibr1-1076029618821189]^ is often seen. The complement system is an important component of the innate immune system, but its uncontrolled activation induces systemic inflammation and multiple organ dysfunction.^[@bibr1-1076029618821189],[@bibr5-1076029618821189],[@bibr6-1076029618821189]^

Collectin kidney 1 (CL-K1) is a novel pattern recognition molecule of the complement system and is a member of the collectin family, which includes mannose-binding lectin (MBL) and lung surfactant proteins (surfactant protein A and surfactant protein D) as classical collectins.^[@bibr7-1076029618821189][@bibr8-1076029618821189]--[@bibr9-1076029618821189]^ The CL-K1 binds to lipopolysaccharides and lipoteichoic acid in microorganisms and activates the lectin-complement pathway.^[@bibr7-1076029618821189]^ While MBL is produced in the liver, CL-K1 is widely synthesized in various organs and tissues other than the kidney, such as the liver, lung, brain, and vascular endothelial cells.^[@bibr7-1076029618821189],[@bibr10-1076029618821189]^ However, the normal plasma concentrations of CL-K1 are almost one-tenth that of MLB.^[@bibr11-1076029618821189]^ Recently, the association between elevated CL-K1 levels and DIC has been reported.^[@bibr12-1076029618821189]^

The main functions of MBL, a lectin first identified 4 decades ago,^[@bibr10-1076029618821189],[@bibr13-1076029618821189]^ include binding with mannose and other carbohydrates on the surfaces of pathogens, and activating both the phagocytic clearance of pathogens and the lectin-complement pathway.^[@bibr5-1076029618821189],[@bibr14-1076029618821189],[@bibr15-1076029618821189]^ A recent meta-analysis reported that MBL levels in patients with sepsis were significantly lower than those in healthy participants.^[@bibr15-1076029618821189]^ Huh et al reported that although MBL levels in patients with severe sepsis were higher than those in patients with septic shock, MBL levels in nonsurvivors with septic shock were lower than those in survivors with septic shock.^[@bibr16-1076029618821189]^ However, Zhao et al reported that MBL levels in patients with sepsis with DIC upon arrival at the emergency department were higher than those in patients without DIC.^[@bibr17-1076029618821189]^ Because of these inconsistent results, the association of MBL levels with sepsis and sepsis-induced DIC is not yet well understood.

The present study investigated and compared the association of sepsis-induced DIC with levels of CL-K1 and MBL. Furthermore, the relationships among CL-K1, MBL, and other coagulation markers were also investigated.

Materials and Methods {#section2-1076029618821189}
=====================

Study Population {#section3-1076029618821189}
----------------

Approval for this study was obtained from the institutional review board of the ethics committee at the Hokkaido University Hospital and the Asahikawa Medical University. Written informed consent was obtained from all patients or acceptable representatives in accordance with the Declaration of Helsinki.

Patients admitted to the ICU for the treatment of sepsis or septic shock were included in this study. Those patients who die within the first 24 hours after admission were excluded. We collected blood samples prospectively from adult patients with sepsis admitted to the ICU at the Hokkaido University Hospital from day 1 to day 5 after admission. The blood samples were collected in tubes containing EDTA-2Na. The samples were immediately centrifuged at 4°C, and the plasma was stored at −80°C until further measurements. From the medical records of enrolled patients, we retrospectively collected data based on patient characteristics and clinical findings.

Definitions {#section4-1076029618821189}
-----------

The DIC score was calculated using the scoring algorithm from the Japanese Association for Acute Medicine DIC scoring system.^[@bibr18-1076029618821189]^ Based on the presence or absence of DIC during the observation period, patients were divided into DIC and non-DIC groups, respectively.

Measurements of CL-K1 and MBL Levels {#section5-1076029618821189}
------------------------------------

Plasma concentrations of CL-K1 and MBL were measured using a previously established sandwich enzyme-linked immunosorbent assay (ELISA) method, with minor modifications.^[@bibr11-1076029618821189],[@bibr12-1076029618821189]^ Our sandwich ELISA procedure employed both rabbit polyclonal and murine monoclonal antibodies. All the above antibodies were tested to determine the pair that was the best match for capture antibody and biotinylated detection of antibody. The normal ranges for plasma CL-K1 and MBL levels were set at 0.34 ± 0.13 and 1.72 ± 1.51 μg/mL, respectively. This range was determined by testing for these markers in blood samples taken from 220 healthy Japanese volunteers.^[@bibr11-1076029618821189]^

Statistical Analysis {#section6-1076029618821189}
--------------------

All variables are expressed as median and interquartile range (ie, first to third quartiles) or as number (percentage). Intergroup comparisons were made using the Mann-Whitney *U* test or χ^2^ test. For repeated comparisons, a Bonferroni correction was applied. Correlations between the 2 measurements were investigated using Spearman correlation analysis. SPSS 22.0J (SPSS Inc, Chicago, Illinois) was used for all statistical analyses. The level of significance was set at *P* \< .05.

Results {#section7-1076029618821189}
=======

The present study included 37 patients with DIC (DIC group) and 15 patients without DIC (non-DIC group). [Table 1](#table1-1076029618821189){ref-type="table"} summarizes the characteristics of patients from the 2 groups. The patients in the DIC group were in a more severe condition than those in the non-DIC group. Furthermore, the mortality rate in the DIC group was higher than that in the non-DIC group.

###### 

Characteristics of Patients on Admission to Intensive Care Unit.

![](10.1177_1076029618821189-table1)

                                 DIC, n = 37        Non-DIC, n = 15    *P* Value
  ------------------------------ ------------------ ------------------ -----------
  Mean age (range)               63 (52-70)         58 (46-66)         0.196
  Men (%)                        23 (62)            10 (67)            1.000
  Severity scores on day 1                                             
   APACHE II score               27 (21-34)         23 (19-27)         0.217
   SOFA score                    10 (6-13)          6 (4-9)            0.003
   DIC score                     5 (3-6)            2 (2-3)            \<0.001
   SIRS score                    4 (3-4)            3 (3-4)            0.730
  Infection sites                                                      
   Lung                          13 (35%)           11 (73%)           0.142
   Abdomen                       14 (38%)           2 (13%)            
   Urinary tract                 3 (8%)             0 (0%)             
   Soft tissue                   3 (8%)             1 (7%)             
   Other                         4 (11%)            1 (7%)             
  Laboratory test                                                      
   White blood cell, ×10^9^/L    11.0 (5.0-14.8)    13.1 (4.9-19.6)    0.538
   Hemoglobin, g/dL              9.5 (7.9-10.7)     11.2 (8.9-13.2)    0.026
   Platelet, ×10^9^/L            93 (34-184)        203 (153-293)      0.001
   PT, seconds                   14.2 (12.9-15.7)   13.2 (12.5-14.6)   0.106
   APTT, seconds                 42.7 (36.5-67.1)   34.6 (27.9-48.4)   0.077
   Fibrinogen, mg/dL             390 (224-488)      514 (355-603)      0.095
   Antithrombin, %               62 (47-70)         74 (63-83)         0.031
   FDP, mg/L                     18.3 (11.3-27.7)   9.1 (5.3-13.6)     0.007
   [d]{.smallcaps}-Dimer, mg/L   12.1 (5.9-20.1)    3.7 (2.5-7.2)      0.003
   CRP, mg/L                     18.0 (11.5-25.1)   22.4 (13.9-29.6)   0.364
  Mortality                                                            
   ICU mortality                 9 (24%)            0 (0%)             0.046
   In-hospital mortality         15 (41%)           0 (0%)             0.002

Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation; APTT, activated partial thromboplastin time; CRP, C-reactive protein; DIC, disseminated intravascular coagulation; FDP, fibrin/fibrinogen degradation products; ICU, intensive care unit; PT, prothrombin time; SIRS, systemic inflammatory response syndrome; SOFA, Sequential Organ Failure Assessment.

[Figures 1](#fig1-1076029618821189){ref-type="fig"} and [2](#fig2-1076029618821189){ref-type="fig"} show the plasma concentrations of CL-K1 and MBL, respectively, in patients from the 2 groups, measured on the first 5 days of admission to the ICU. The plasma levels of CL-K1 showed no significant difference between the DIC and non-DIC groups. However, the plasma levels of MBL were significantly lower in the DIC group compared to the non-DIC group during the 5 days after admission to the ICU.

![The plasma levels of CL-K1 in the DIC and non-DIC groups. Data are presented as box and whisker plots. The plasma levels of CL-K1 are not significantly different between the 2 groups. (Normal range 0.34 ± 0.13 μg/mL,^[@bibr11-1076029618821189]^ as presented by a gray band in the figure). *P* \< .017 is considered statistically significant after Bonferroni correction. CL-K1 indicates collectin kidney 1; DIC, disseminated intravascular coagulation. Gray denotes DIC group; white denotes non-DIC group.](10.1177_1076029618821189-fig1){#fig1-1076029618821189}

![The plasma levels of MBL in the DIC and non-DIC groups. Data are presented as box and whisker plots. The plasma levels of MBL are statistically different between the 2 groups on days 1, 3, and 5 after ICU admission. (Normal range 1.72 ± 1.51 μg/mL,^[@bibr11-1076029618821189]^ as presented by a gray band in the figure). *P* \< .017 is considered statistically significant after Bonferroni correction. MBL indicates mannose-binding lectin; DIC, disseminated intravascular coagulation; gray, DIC group; ICU, intensive care unit. White denotes non-DIC group.](10.1177_1076029618821189-fig2){#fig2-1076029618821189}

The changes in hepatic function-related markers are presented in [Figure 3](#fig3-1076029618821189){ref-type="fig"}. During the observation period, hepatic function in the DIC group was worse than that in the non-DIC group. The total bilirubin levels were statistically different between the 2 groups on days 2, 3, and 4 after ICU admission. There was no statistically significant difference between the 2 groups for the other variables.

![Differences in hepatic function--related markers between the DIC and non-DIC groups. Data are presented as box and whisker plots. The total bilirubin levels were statistically different between the 2 groups on days 2, 3, and 4 after ICU admission. There was no statistically significant difference between the 2 groups for the other variables. *P* \< .01 is statistically significant after Bonferroni correction. ALT indicates alanine aminotransferase; AST, aspartate aminotransferase; DIC, disseminated intravascular coagulation; ICU, intensive care unit. Gray denotes DIC group; white denotes non-DIC group.](10.1177_1076029618821189-fig3){#fig3-1076029618821189}

The correlations between all measurements during the observation period are presented in [Table 2](#table2-1076029618821189){ref-type="table"}. Plasma levels of CL-K1 showed weak correlations with prothrombin time, activated partial thromboplastin time (APTT), and antithrombin levels. On the other hand, plasma levels of MBL were weakly correlated with levels of fibrin/fibrinogen degradation products (FDP) and the DIC score.

###### 

Relationships Between CL-K1, MBL, and Laboratory Variables During the Observation Periods.

![](10.1177_1076029618821189-table2)

                                 CL-K1   MBL              
  ------------------------------ ------- -------- ------- ------
  CL-K1, ng/mL                   NA      NA       −.132   .101
  MBL, ng/mL                     −.132   .101     NA      NA
  White blood cells, ×10^9^/L    −.136   .089     .092    .255
  Hemoglobin, g/dL               −.055   .494     .033    .678
  Platelet counts, ×10^9^/L^a^   −.281   \<.001   .186    .020
  PT, seconds^a^                 −.356   \<.001   −.147   .068
  APTT, seconds^a^               −.257   .001     −.020   .808
  Fibrinogen, mg/dL              .102    .209     .039    .630
  Antithrombin, %^a^             .447    \<.001   .012    .889
  FDP, mg/L                      −.040   .628     −.225   .005
  [d]{.smallcaps}-Dimer, mg/L    −.008   .922     −.199   .014
  Total bilirubin, mg/dL         .098    .226     .083    .305
  Creatinine, mg/dL              −.006   .937     −.046   .571
  CRP, mg/L                      .080    .323     −.097   .233
  SIRS score                     −.097   .226     .152    .058
  DIC score                      .174    .030     −.222   .005

Abbreviations: APTT, activated partial thromboplastin time; CL-K1, collectin kidney 1; CRP, C-reactive protein; DIC, disseminated intravascular coagulation; FDP, fibrin/fibrinogen degradation products; MBL, mannose-binding lectin; NA, not applicable; PT, prothrombin time; SIRS, systemic inflammatory response syndrome.

^a^ Significant correlation with CL-K1. *P* \< .0017 is considered statistically significant after Bonferroni correction.

Discussion {#section8-1076029618821189}
==========

In the present study, during the first 5 days after admission to the ICU, the plasma MBL levels in sepsis patients with DIC were lower than those in patients without DIC. However, the levels of CL-K1 were not different between the 2 groups during the same observational period. Furthermore, the levels of CL-K1 and MBL showed different relationships with the other measurements in this study.

Contrary to an earlier study^[@bibr12-1076029618821189]^ that have reported higher CL-K1 levels in patients with DIC, we did not observe any significant difference in the levels of CL-K1 between patients with sepsis with and without DIC. However, the previous study differed from ours in terms of (1) patient characteristics, (2) definition of DIC, and (3) the ethnicity of the patients.^[@bibr12-1076029618821189]^ First, while the present study evaluated only patients with sepsis, the previous study included patients with various conditions such as infections, respiratory diseases, and neoplasms.^[@bibr12-1076029618821189]^ Second, in the previous study,^[@bibr12-1076029618821189]^ DIC was diagnosed by APTT waveform analysis, which is not the best method for DIC diagnosis^[@bibr19-1076029618821189]^ and is not widely recommended.^[@bibr20-1076029618821189][@bibr21-1076029618821189][@bibr22-1076029618821189]--[@bibr23-1076029618821189]^ Therefore, in the present study, we used the Japanese Association for Acute Medicine DIC scoring system, which has been recommended by various guidelines for the diagnosis and treatment of DIC.^[@bibr20-1076029618821189][@bibr21-1076029618821189][@bibr22-1076029618821189]--[@bibr23-1076029618821189]^ Third, while the present study included only Asian patients, the previous study included mostly Caucasians.^[@bibr12-1076029618821189]^ These differences between the present and previous study could account for the difference in results.

A negative correlation between plasma CL-K1 levels and APTT was observed in the present study. This correlation might have been detected in a previous study, where DIC was diagnosed using APTT waveform analysis.^[@bibr12-1076029618821189]^ The relationship between plasma CL-K1 levels and APTT might be explained as follows. The activation of complement system induces platelet activation,^[@bibr24-1076029618821189][@bibr25-1076029618821189]--[@bibr26-1076029618821189]^ endothelial cell activation,^[@bibr27-1076029618821189][@bibr28-1076029618821189]--[@bibr29-1076029618821189]^ and inhibition of the anticoagulation system,^[@bibr30-1076029618821189]^ which in turn may result in coagulation activation and shortening of APTT. However, it is unclear why a relationship was only observed between CL-K1 levels and APTT and not between the MBL levels and APTT.

Activation of the complement system is closely related to activation of coagulation.^[@bibr5-1076029618821189],[@bibr6-1076029618821189]^ In sepsis, both the complement and coagulation systems are activated.^[@bibr1-1076029618821189]^ However, the association between levels of MBL and coagulation is unclear. Huh et al reported a discrepancy regarding the association between MBL levels and sepsis severity.^[@bibr16-1076029618821189]^ In their report, although MBL levels in patients with severe sepsis were higher than those in patients with septic shock, MBL levels in nonsurvivors with septic shock were lower than those in survivors.^[@bibr16-1076029618821189]^ Of course, septic shock is severer than severe sepsis and nonsurvivors have a more critical condition than survivors. Zhao et al had reported that MBL levels in patients with sepsis with DIC were higher than those in patients with sepsis without DIC on arrival at emergency department.^[@bibr17-1076029618821189]^ However, their findings were based on only the initial measurements of MBL on arrival at the emergency department^[@bibr17-1076029618821189]^ and admission to ICU.^[@bibr16-1076029618821189]^ On the other hand, in the present study, we repeatedly measured MBL levels in patients with sepsis on days 1, 3, and 5 and found differences that became more significant with time ([Figure 2](#fig2-1076029618821189){ref-type="fig"}).

Hakozaki et al previously reported a dysfunction of MBL production in patients with fulminant hepatic failure because MBL is produced in the liver.^[@bibr31-1076029618821189]^ In the present study, the hepatic function in sepsis patients with DIC was worse than that in septic patients without DIC, which was indicated by specific hepatic function-related markers. Therefore, the hepatic dysfunction in sepsis patients with DIC might affect MBL production, thereby resulting in low MBL levels. Furthermore, plasma MBL levels negatively correlated with FDP, which are metabolized by the liver ([Table 2](#table2-1076029618821189){ref-type="table"}), and could be a possible indication of hepatic dysfunction.

The present study has several limitations. First, although the association of CL-K1 and MBL levels with sepsis-induced DIC was elucidated, the underlying pathophysiology of the association is unclear. Second, associations between MBL levels and polymorphisms in the protein-coding region of *MBL2* were recently investigated.^[@bibr16-1076029618821189],[@bibr32-1076029618821189],[@bibr33-1076029618821189]^ However, we did not investigate the association between MBL levels and these polymorphisms. Third, the CL-K1 and MBL levels in the patients before the onset of sepsis were not known.

Conclusions {#section9-1076029618821189}
===========

The plasma levels of CL-K1, a novel collectin, in sepsis patients with and without DIC were not significantly different during the first 5 days of admission to the ICU. However, the plasma levels of MBL were lower in sepsis patients with DIC compared to those without DIC during the same observation period, and the differences became more significant with time. However, the plasma levels of neither CL-K1 nor MBL deviated markedly from the normal range.
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